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ABSTRACT 



Design of welded joints is normally accomplished by the use of formulas 
which predict the stresses in the throat area of the welds. By means of 
metal foil strain gages the stresses were determined in three models of 
fillet welds; one subjected to a transverse load, one to a longitudinal 
load, and one to an eccentric load. Agreement was good for the transversely 
loaded fillet v/eld, and fair for the longitudinally and eccentrically loaded 
fillet welds, A modification of one of the assumptions made in the design of 
one type of ecentrically loaded fillet weld is suggested because it provides 
closer agreement between experimental and calculated stresses. 

The writer wishes to express his appreciation for the assistance, en- 
couragement, and especially the patience provided by Professor Virgil M. 
Faires of tlie U, S. Naval Postgraduate School, in this investigation. 
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Introduction 



For many years the design of welded joints has been based on formulas 
that approximate the average state of stress in the weld. For most joints 
there is an abundance of experimental evidence to support the safety of these 
approximations. Most of this evidence is in the form of results of tests to 
destruction of a representative sample of models of different joints. In 
the late 1920' s and early 1930' s, the literature shows a lively interest 
in such tests as well as various analyses of the theory of stresses in 
welds. Growing out of these tests and analyses was a set of design approxi- 
mations. Jennings /!/ seems to have presented the most complete set of analys- 
es which is still widely used. 

For eccentrically loaded fillet welds of the type shown in Fig. 1, page 
52 , a search of the literature revealed no direct experimental verification 
of the safety of the design convention given in "Procedure Handbook of Arc 
Welding Design and Practice", /2/ and Faires /3/. Nor could there be found 
any experimental justification for the assumptions made. 

The object of this project is to study the correlation between the 
computed stresses and those actually measured in order to investigate the 
validity of the design procedures for: 

A. A longitudinally loaded fillet weld, Figs. 2 and 3, page 53 and 54 

B. A transversely loaded fillet weld. Figs. 3 and 4, page 55 and 56 

C. An eccentrically loaded fillet weld. Figs. 5 and 6, page 57 and 58 

For the longitudinal and transverse weld models, the investigation was 

by means of a direct comparison of calculated and experimental stresses. For 
the eccentrically loaded model two methods were attempted. First, a direct 
comparison of calculated and experimental stresses. Second, it was postulated 
that the resultant shear stress could be obtained by superposing shear stress- 
es induced by three distinct resisting mechanlslms. The shear stress distribu- 
tion for each was determined from the results of the longitudinal and transverse 
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weld tests. Then the stresses were computed, superposed, and then compared 
to the experimental stresses found in the eccentrically loaded weld model. 
This procedure is given in Appendix B. 

Strains were measured by means of metal-foil rosette strain gages placed 
on the machined weld surfaces. 

The project was conducted by the author in the Materials Testing Labora- 
tory of the U. S. Naval Postgraduate School, Monterey, California under the 
supervision of Professor Virgil M. Faires, during the period January to 
May 1963. 
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2, Design of Models . 

The size of all models was dependent upon the size of available rosette 
strain gages. Since miniature gages of one quarter inch in diameter were 
available from Baldwin-Lima-Hamilton, a 0.350-inch fillet weld was decided 
upon. This size provides a hypoteneuse on the fillets of about one-half 
inch and thus allows a reasonable clearance for the gages and some space 
for the installation of leads. Although this clearance seemed adequate, 
it proved none too much. Balanced against the desirability of adequate 
clearance is the effort to keep weld sizes down to a minimum so as to reduce 
model size. Also smaller welds with fewer passes of welding tend to be more 
uniform. 

A Riehle Testing Machine Type PSC - 120 of 120,000-lbs. capacity was 

used to load models A and B. Thus requirements for the size of the tongues 

were such that they would fit into the grips of the machine. The lengths of 

the welds were such that the machine could load the models to the elastic 

limit of the welds. Double straps were used to minimize a bending on the 
weld when the model was loaded in tension. In addition was the desire to 
conform, in general, with the specifications of the transverse fillet weld 
test specimens as given in "The Welding Handbook" of the American Welding 
Society. /4/ 

The models were made of mild steel. This was used since it was on hand 
and because it is weldable without unusual difficulties. For strength estima 
tions a tensile design stress of 50,000 psi and a design stress in shear of 
30,000 psi were used. Electrodes of E-6013 were used for welding, which was 
done by the best qualified welder at the U. S. Naval Postgraduate School. 

Both models A and B when loaded to the full 120, 000- lbs. capacity of 
the machine have a minimum factor of safety based on the tensile yield point 
of about 1.5 except in the welds themselves. 
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For the eccentrically-loaded model it necessary to design a holder 

assembly to support the model during loading. Photograph of model and hold- 
ing assembly is shown in Fig. 6, page 57. Sketches of the model are shown 
in Fig. 7, page 58 . 

The entire assembly for model C is designed to be placed on the table of 
a Riehle, Model PS- 300, testing machine. Forward and backward movement allows 
the eccentricity of the load to be varied over a considerable range. Trans- 
verse alignment is provided by keying the holding assembly to slots in the 
weighing table. Two symmetrical plates were used to apply the load to the 
welds so as to reduce the tendency of the plates to warp or twist when loaded. 

The materials were the same as for models A and B. The strength of hold- 
er assembly and model allows the welds to be loaded almost to the limit of 
the elastic region. 
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3. Testing Procedures , 



Longitudinal and Transverse Weld Models 

For both the longitudinal weld model and the transverse weld model, 
the method of testing was the same and the description will apply to both. 

The models were placed in the testing machine and aligned so as to give 
virtually a tensile load. This requirement presented some difficulty. Al- 
though care was taken to eliminate bending loads by careful design and construc- 
tion of models some bending undoubtedly existed. The models were symmetrical 
about the center line, so as to balance the load between the left and right. 

On the longitudinal model, one rosette was placed on the weld opposite to 
the weld under study in order to determine the distribution of load between 
left and right. In addition, two A-5 type strain gages were placed on the 
plate of this model for the same purpose. For the transverse weld, the strains 
in the end rosettes were compared. It was assumed that equal strain readings 
from gages placed symmetrically about the center line was an indication of 
the absence of bending. Prior to making final runs, several preliminary runs 
were made to adjust the strain indications to as nearly the same values as 
possible. Adjustments were made by shims and by re-seating the chucks into 
the tongues of the models. 

Four rosettes were mounted along the length of each weld under study, as 
shown in Fig. 8, page 59 . The elements of the rosettes were connected into 
a Baldwin- Lima -Hamilton Switching and Balancing Unit. 

Temperature compensation was provided by an element of a rosette mounted 
on a machirxed weld bead on a plate of the same material as the model. Strain 
indications were measured by a Baldwin-Lima-Hamilton SR-4 Type N Strain Indica- 
tor. 

Initial runs indicated little consistency of data when the start was from 
zero load. This is believed to have been due to failure of the chucks to seat 
firmly and completely under light load. Measuring from an arbitrary load of 



5 






t 

If iiM 

_ 4i»iqrr 

«||| I. lt|>orM 



«PI«||« mmt 0^ ^ «»lf«| • ii4lH| 

i«*aniPVi^f « WupK' i iVii4AIT 

< i i<lp H ^If nautli (|i*g|Sn 

tm I w»MM Uyi*«» t» !»• 

^ t -rfM ^ * 

^ 1^ 1^ It dug fr ^4* |«HI «V 

|jj^f «H» |l^||pmgp pi /tiMBinwi fA» '*V** 

^ m ‘%iidRii <«v» 4t>'«Jitl idHiliHIdCl «*•# 

^ I «■■■» 4f|| «»|«|M«H»i OMMff «mMI •n# 

^ » '■" <•' **■** «•!■» iy>»4— >i«»» I — Ml 

tf^ tBir tilM»^ •»€! «|i iHrilt * 






'•Ml* 



1 



«i» •«» Maii|iiMMB» 

«M|| # I* •!•» 4I»» 

«•» ••IM 



several kips where the chucks were more firmly seated seemed to eliminate 
this difficulty. 

Load was increased in increments of several kips and the strain at each 
element was read. Strain was measured during both loading and unloading on 
the first runs, which were well within the elastic limit of the welds. A 
plot of load versus strain was prepared for each element of the rosettes. 

A typical plot is shown in Fig. 9, page 60 . It is noted that the load- 
strain curve is not linear on either loading or unloading. Further, the 
appearance is suggestive of a hysteresis loop, with the unloading curve re- 
turning to the arbitrary reference point. When the arbitrary reference point 
was altered the first cycle usually showed a small amount of set. Succaciding 
cycles showed a tendency for the loops to close. This effect is shown in 
Fig. 10, page 61. The cause of the loop is not known and was the subject 
of considerable investigation. It is discussed at the end of this section. 

For the final runs of the transverse and longitudinal models, it was 
intended to load to the limit of the elastic range. This was expected to 
correspond to a load of about 120 kips for the longitudinal model and about 
60 kips for the transverse model. However, for loads in excess of about 40 
kips there was considerable difficulty in obtaining data because of a tendency 
for the models to slip in the chucks. Slipping was evidenced by an audible 
sound, an instantaneous drop of two or three kips on the load indicator while 
the chucks reseated, and a discontinuity of the data. Many runs were made 
V7ith each model before runs high enough were obtained. The final run for the 
transverse model was to a load of 66.8 kips, where the chucks slipped. The 
longitudinal model was finally loaded to 97.4 kips where the chucks slipped. 
For both models, the final strain readings before slipping showed discontinui- 
ties. This may be due either to a gradual tearing of the chuck teeth thru the 
tongues of the model before letting go, or yielding of the welds. Because of 
the uncertainty of this final reading it was not considered. In the case of 
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the transverse model, there was some evidence of local yielding at the left 
end. Because of the discontinuity of data after the chucks slipped, data 
were not taken during unloading in the final runs. 

Plots of load versus strain for the final runs for typical gage elements 
of both models are shown in Fig* 11, page 62 . it is noted that for the longi 
tudtnal welds the tendency to loop is less than it was for earlier runs to 
lesser loads. The cuirves for the loading of the transverse model are now 
quite linear. 

Eccentrically Loaded Model 

The eccentrically loaded model and holder on the weighing table of the 
Riehle PS-300 Universal Testing Machine is shown in Figs, 12 and 13, pages 
63 and 64, Load is applied by the lower head. 

Several preliminary runs were made in order to adjust the distribution 
of the load equally between the welds on either side of the central plate. 

Four rosettes were mounted along the length of the weld under study. Again 
one rosette was mounted on the opposite weld to assist in minimizing twist- 
ing. By adding shims it was possible to adjust the strain readings on the 
elements measuring strain along the longitudinal axes of the welds to within 
about 6% of each other. 

Three working runs were made. The eccentricity of the load about the 
centroid of the weld area was varied. Runs were made for eccentricities of 
six and one-half inches, eight and one-half inches, and ten and one-half inche 
Loads were such as to induce stress levels of about the same values for each 
of the eccentricities. 

Instrumentation was the same as for the transverse and longitudinal runs„ 
Readings were taken during loading and unloading for all runs, which revealed 
a looping in the curves of load versus strain. 

Discussion of Hysteresis Loops 

The looping is not clearly understood. Investigation and check of instru 
mentation eliminated the possibility of this cause. Other causes considered 
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were : 



a) That the area of the loops represented a measure of the 

energy lost by the frictional work caused by the relative motion between 
plate and strap. This was checked by deliberately increasing the normal 
force between plate and strap by means of large C-clamps. Experiment 
showed that the total resisting force was markedly increased, since the 
slope of the load versus strain diagrams increased. Also the area of the 
loops increased. This shows that the increase in frictional force resulted 
in an increase in the area of the hysteresis loop, and thus frictional energy 
lost is probably responsible for the increase in loop area. It may be respons 

ible for the original loops. If the cause of the loops was wholly due to fric 

tional energy, it would be expected that a line symmetrically dividing the 
loop would represent the true load versus strain plot. It was found that 
such lines drawn on loops to different maximum loads produced slightly dif- 
ferent slopes. Therefore it is concluded that friction may contribute to the 

loops, but is probably not the sole cause. 

b) The loops have the appearance and the properties of those caused 
by elastic hysteresis as discussed by Timoshenko /5/. This is considered a 
possible cause. 

c) It was observed that the looping effect was greater for pre- 
liminary runs of the transverse and longtudinal models than for the final 
runs. This may be due to plastic strain and work hardening of the weld 
metal. 



8 



4. Results and Discussion. 



A. Longitudinal Model 

Results 

The results of tests of the longitudinal model are shown in Fig. 14, 
page 65, The principal stresses 0“^ and (T^ and the maximum shear stress 
are plotted as they vary along the length of the weld. The principal 
directions are indicated along the weld length. Both are for a load of 21 
kips per weld. 



COMPARISON OF STRESSES FOR LOAD OF 21 KIPS PER WELD 



t: 



cal. (eg. 1 ) 



r 

max, exp. 



'T 

'ave. exp.* 



21.2 ksi 



19.3 ksi 



10.0 ksi 



Discussion 

The design formula for this type of joint as given by Faires /3/, 
and others, is: 



( 1 ) 



^ 0.707F 

^ "" bL 



where F is the load transmitted thru one strap, 
b is the weld size (leg) 

L is the weld length. 



Discussion 

It is well known that the stress in fillet welds is not uniform. 
Smith /6/ performed a series of experiments at the University of Pittsburgh 
in 1929 and 1930 of double-strapped plates. Each strap was connected by two 
longitudinal fillet welds to the plate. The displacement of the straps re- 
lative to the plate was measured mechanically at several sections. The re- 
sults were presented in a series of plots showing longitudinal displacement 
as a function of length along the weld. These tests showed the strain to be 

it 

Values reported as average were obtained by determining the area under the 
curve and dividing by the base. 
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greatest at one end, and to tend toward a minimum at the center. The general 
shape of the curves being a function of the ratio of the cross-sectional area 
of the plate to the sum of the cross-sectional areas of the two straps. These 
results are shown in Fig. 15, page 66 . It is noted that as the ratio of the 
areas Increases, the point of minimum strain tends to shift from the joint end 
toward the center, the maximum strain being at the free end for ratios less 
than unity. For ratios of the areas of unity, the curves are roughly symmetric. 
No data are shown by Smith /6/ for ratios greater than unity. In this experi- 
ment, the ratio of plate area to strap area was 1.75. Figure 14, page 65 
shows that the maximum strain is at the joint end. It is also evident that 
at the free end the strain does not increase above the value near the center 
as might be expected from an extrapolation of Smith's results. 

Goodier and Hsu 111 report an experiment in which strain-gage measure- 
ments were made on a monolithic model of a bar and a plate. The gages were 
mounted on the center line of the bar. The results show that for a four- inch 
bar at sections near the joint side, the longitudinal strain decreases rapidly 
within the first inch, then more gradually until the end. The ratio of cross- 
sectional area of plate to cross-sectional area of the strap is not given but, 
from the illustration given, it is obviously considerably greater than unity. 
This seems to provide some confirmation for the results as shown in Fig. 14, 
page 65, with regard to the stress at the free end. 

The comparison of calculated by equation (1) and experimental 

seems quite close. However, the strains were measured on the free boundary 
of the welds. The average strain through the throat section is undoubtedly 
greater. Photoelastic studies by Solakian /8/ show that for transverse fil- 
let welds the ratio of average stress to surface stress is about three to two. 
Shreiner /9/ tested fillet welds in bending and shear and concluded that the 
ratio of average stress to surface stress was about three to two. If the 
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experimental value of is Increased by the ratio of average stress across 

the throat to surface stress (use 1,5 in the absence of better information), 
the value obtained is 28.9 ksi compared to the calculated value of 21,2 ksi. 
Using the factor of 1.5, the average shear stress along the weld is 15 ksi 
compared to the calculated value of 21.2 ksi. The ratio of stress at the 
end of the weld (28.9 ksi) to the average stress (15 ksi) is 1.93. This value 
is less than the stress concentration factor of 2.7 for the toe of a longi- 
tudinal fillet weld. 

The orientation of the principal axes in Fig. 14, page 65 shows that the 
direction of maximum shear stress very nearly runs along the longitudinal 
axis of the weld. This confirms the accepted concept that the longitudinal 
weld is best designed on the basis of shear stresses. 

B. Tranverse Model 



Results 

The results of the tests of the transverse model are shown in Fig. 
16, page 67 . The principal stresses ^2’ maximum shear stress 

are plotted as they vary along the length of the weld. The principal 
directions are indicated along the weld length. Both are shown for a load 
of 30 kips per weld. In the first comparison below, the stress calculated is 



COMPARISON OF STRESSES FOR LOAD OF 30 KIPS P E R WELD 
^alc.(eq. 3) 

30.3 ksi 20.6 ksi 19.0 ksi 



T 

'max, exp . 



'T' 

• ave. exp. 



calc . 
30.3 ksi 



1, max, exp . 
49.0 ksi 



<^i 



ave. 



expe 



43.0 ksi 



taken as a shear stress. In the second comparison the calculated stress is 
considered as a normal stress. 

The direction of the principal axes indicate a lack of symmetry of 
normal stresses. Symmetry considerations would require the (7^ axis at station 
three to be inclined to the left. This stress distribution may be due to any 
one or a combination of the following: 
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a) One or more faulty elements in the rosette at station 



three. 

b) Error in gage placement. This gage was erroneously placed 
with its center about 1/16 inch above the weld-face center line. In addi- 
tion it was not placed symmetrical to the gage at station two. See Fig. 8, 
page 59. 

c) Uneven load distribution. 

With regard to the stresses in joints with transverse loading, Jennings 
/!/ states, "In the generally accepted method of computing stresses in trans- 
verse fillet welds it is assumed that the stress at the throat section is 
principally a normal tensile stress." This stress is calculated from; 

(2s (7"„ 

' Lb 



where F is the load transmitted thru one strap (two welds), b is the weld 
size, and L is the weld length. The equation is also found in The American 
Welding Society Handbook /4/. 

The ratio of - to r for the transverse model is about 

calc* max .exp* 

three to two. The ratio of calculated as recommended by Jennings and 

The American Welding Society Handbook to CF as about three to 

1 max. exp. 

five. Thus, if one designs on the basis of normal stress, a larger design 
factor is indicated to provide the same degree of safety. 

Other authorities including Timoshenko /5/ and Faires /3/ note that the 
design of transverse fillet welds is usually based on an assumed shear stress 
across the throat section; that is, 

O, r= 



Gillespie, Hughes, Jackson, and Fox /ll/ report that "Normal welds, other 
things being equal, are stronger than parallel welds," a generally recognized 
relationship. Their curves show that the strength of transverse fillet welds 
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is shnat 130 per cent that of longitudinal fillet welds. 

7Jhe results of the test of the transverse model show that for four 

Inches of weld, a load of one-kip produces a maximum shearing stress of 

0.636 ksi. The results for the longitudinal model shox-7 that for four inches 

of weld a one-kip load produces a maximum shearing stress of 0.919 ksi. Since 

a given load produces a smaller maximum stress in the transverse weld than the 

longitudinal weld, the transverse weld can safely withstand a larger load. 

For this case the ratio of the shear stresses shows that the strength of the 

.919 

transverse weld is about 136 per cent x 100) that of the longitudinal 

, ooo 

vjeld. This is in good agreement \v*ith other similar experimental values. 

If one were to design on the basis of shear stress, the results of this 

experiment show that the calculated value will be greater than the actual 

stress that will exist in the weld. If the ratio of three to two discussed 

on page in, is applied, the actual average stress is almost exactly that 

calculated. On the other hand, if normal stresses are considered to be the 

basis for design, the results Indicate that the actual normal stress ( OT" 

1 max 

times 3/2) Is 262 per ccnc of the calculated stress. The conclusion is that 
design based on the average shear stress r^ather than the normal stress is 
the better. 

C . Eccentrically Loaded Mo d^l 

yhen two welds are used to prevent a turning, as in the eccentric^:? 
loaded model, the coi veriClonal method of design is first to assume that the 
center of rctaticn Is at the cesntroid G of the welds, approximated with the 
throat area, ccr.sldered mathematically as a line, (See Fig, 1, page 52). 

Kext it is assumed that the stress produced by the moment Fe, at any point 
Icrv the length of the weld is directly proportional to the point's distance 
^ froH! the cancroid C, Ar shown by Fa ires /3/, the equation for the stress 
due to the aopllod Fe is, 
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('t) 



r, 



vhere J Is the morr.ent of inertia of the throat area of the welds v;ith 
G 

respect to the centroid. This stress is assumed to be in a direction 

nox*mal to the radius vector from the centroid. 

Next the load F is assumed to cause an average downward shear stress 
given by, 



(5) 



2 ” 2tL 



whet'e t is the throat dimension of the weld and L is the length of the weld. 
The vector sum of 7^, and ^ ^ is assumed to be the maximum shear stress, 

T 

* ma X 

Results 



The results of the tests of the eccentrically loaded model are shown in 
Figs. 17, 18 and 19, pages 68, 69 and 70. These illustrations show r. 



max cal 

plotted against the distance along the weld. The orientation 



and 7^ 

max exp 

of the prirxipal axes at each of the four rosette stations is also shown. 

Table 14, page 51 shows a tabulated comparison of experimental and 

calculated values of maximum and average shear stress for each of the values 

of load eccentricity. It also show's a comparison of the ratios of 7^ , 

^ max calc 

to 1.5 r for each value of load eccentricity. 

max exp ^ 

Discussion 

The objective of the tests with the eccentrically loaded model was to 
:/btain experimental stresses for comparison with computed values of stress. 
Hopefully the results would indicate a close correlation. Figures 17, 18, 
and 1^, pages G8, 69 and ?0, show a reasonably close correlation; especially 
in view of the nature of the assumptions used in the design approximations. 
Study of the figures and tables 11, 12, and 13, pages 48, 49 and 50 shows 
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that' as the eccentricity of load increases, the maximum stress on the experi- 
rental curve approaches, and in the most eccentric case, exceeds the calculat-* 
ed value of stress. Ideally, the computed and experimental curves should be 
such that the ratio of calculated stress to experimental stress is constant. 
Ivhile these curves approach the ideal in the left portion where the stresses 
are the lowest, they do not in the region of maximum stress. On the basis of 
the avei*age stress, the calculated values appear safe. 

If the experimental stresses are increased by a ratio of three to two 
(the approximate ratio of average stress across the throat section to sur- 
face stress, page 10), the experimental curves will fall closer to the cal- 
culated curves in the left portions. In the right portion they will exceed 
the calculated values, suggesting that welds with this type of loading are 
not as safe as the conventional design calculations indicate. 

Several alternate methods of design were considered in an effort to 
determine a procedure that would result in better correlation with experi- 
mental data. Some of these methods provided stress values that agreed close- 
ly with the average experimental stress. None agreed well with the actual 
stress distribution along the weld. Figures 20, 21 and 22, pages 71, 72 and 
73, show the distribution of the normal stress along the weld (7^, the normal 
stress perpendicular to the weld the shear stress along the weld axis 

. It is apparent that the pattern is complex. Therefore, it is unlike- 
ly that any relationship that might be found to describe the conditions would 
still be simple enough to be useful as a design tool. 

Efforts were made to irr:prove on the conventional design procedure for a 
specimen such as the model used. The method of attack was to consider the 
assumptions j to assess their validity; and to consider the effect of modifica- 
tions. 

The assumptions were: 
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a) The center oc turning is at the centroid. 

b) The stress^ 7^^, due to the external moment Fe is directly 
proportional to the distance from centroid to point in 
question , 

c) The direction of is normal to the radius vector from the 
centroid. 

d) The component of downward shear stress, induced by the 

load is uniform, 

7^ is the vector sum of 7", and7^«. 

' max 1 2 

Experimental evidence shows that the stress in the end nearest to the 
load increases more rapidly than is predicted by calculation. Therefore, 
one or more assumptions are in error, at least to a degree. Consider the 
assumptions in sequence. The effects of possible change are: 

a) If turning v?ere considered about some point more remote from 
the load than G, then ^ would increase on the side near the load, and de- 
crease on the opposite side. This would tend to produce the desired change 

In 71 and T 

1 max 

b) The stress 7"^ could be considered to be greater than directly 

proportional to ^ . For example, ^ ^ ^ > where x is the distance from 

the left end of the weld and L is the length of the weld. This possibility 
v?as rejected as being too empirical as well as too complex. 

c) could be considered other than normal to the radius vector, 

^ . This possibility was rejected since this is the only logical direction 
for on the basis of the conventional design equation, 

ci) r,, the vertical shear stress induced by the load applied trans 
tersely to the welds could be considered non-uniform. This possibility was 
tejccied since the tests of the transversely loaded weld show^ed such stress 
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VO unlforn. 

e) The assumption that the vector sum of and 7^ was a reason- 

abVii approach to get T" seemed acceptable, 

max 

It was decided to investigate the effect of moving the center of turn- 
ing G along the longitudinal center line (See in Fig. 1, page 52). This 
assumption would have the effect of increasing^ , and thus 7^, the stress 
the end near the load, while decreasing it to a lesser extent at the op- 
posite end. Also the increase in the moment arm e, of the force F, would 
produce an increase in stress 7^ at all points of the weld. It was noted 
previously that as the eccentricity of load increases, the tendency for the 
calculated stress at load end of the weld to be proportionally low increases. 
For lack of more complete evidence, it was assumed that the amount of shift 
of the tutnilng center varies directly with the eccentricity of the load with 
respect to the centroid. 

A series of calculations was made to determine the location of the center 
of turning, such that the correlation of the calculated stresses and experi- 
ment-?.; stress ’wovdd be as closely optlmimi as possible. Optimum correlation 
v^n s c 01 : side re d to exist whe n : 

1) 7" 1 equal.s 1,5 7^ (the 1.5 adjusts surface stress 

nax cnl * nax exp 

to average stre.ss across throat). 

2) The shape of the curve of T" versus distance along the \7eld 
•was the same for expcriniental and calculated values. 



The calc ulat Ion procedure 
1) The location of G 
c'diculated station one. 

njt closely 1.5 tinges 
assuv-eJ ‘inc the caiCulttlcn 



was as follows: 

, a noint of turning was assumed; T 
It was compared with the experimental value, 
the experimental value, a 5icw turning point 
repeated until agreement was obtained. Then 
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r, . was commuted for the remaining stations. The shape of the shear stress 

i :>a X 

curve was compared with the experimental curve. If the shape was not the same^ 
the stresses for all stations were calculated for other values of turning 
point location. The final recommendation is a compromise of the two conditions 
of optimum correlation, 

2) The same procedure was followed for a second loading condition, 

3) A plot of eccentricity of load(with respect to the centroid G ) 
versus shift of center of rotation GG x-sas made, (See Fig, 23, page 74), 

The two points obtained by iteration were plotted. In addition a point was 
located for .'=:erc center sl^lft. The best straight line was drawn through these 
three points. This line determined a predicted value of center of turning 
sisift for the third case of eccentric loading, 

A) Using the predicted value of turning point shift, the center 

of cuvnlng determined for the third case of load eccentricity, Calcula- 

ticr.n Cor r were m«ide for all stations. Considerable improvement in cor-' 

relation was noted. Then a set of calculations were made for turning points 

to lha left and right of the predicted value. Correlation, as before not 

Ideal, waa apparently best at the predicted value. The calculated values of 

using the turning centers determined are shown on Fig, 17, 18, and 19, 

pages 68, 69 70. Tables 11, 12, and 13, pages 48, 49 and 50, show a 

comparison of the ratio of 7^ , and 1,5 7 ^or G and for various 

max cal max exp 

values of G , In addition the tables show a comparison of the angle of 
orleritacion ( 9 ) of the principal axis with the longitudinal axis of the 
weld, 

Tr Is seen that the selection of the curve that provides best corre- 
lation is difficult; the one finally being selected must represent a com- 
• renise betiiceen good agreement at the high end and good agreement throughout 
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the. length of the curve. 

The following facts seem to be indicated: 

1) Better coorelation between calculated stress and actual stress 
is obtained If it is assumed that the center of turning is located more 
remote from the load than the centroid. 

2) The greater the eccentricity of load with respect to the 
centroid, the more the center of turning shifts. 

In order to utilize this knowledge in the design of welded joints of this 
type, a relationship for the shift of turning center as a function of load 
eccencricicy would be useful. Figure 23, page 74 indicates a shift of turn- 
ing center of C,117 inches Cor each inch of eccentricity (with respect to 
the centroid) of applied load. Considering the nature of the problem, it is 
concluded that a good approximation for welds of the proportions of the ec- 
centrically loaded model would be: let the turning center be moved 10 per 

cent of t:he eccentricity e, (Fig. 1, page 52) further from the point of ap- 
plication of the load. If it is desired to be more conservative, a greater 
sliift may be used. 
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5. Conclusions. 



Based on the results of the tests of this project the following con- 
* 

elusions are drawn: 

A. For longitudinally loaded fillet welds : 

The maximum shear stress in the weld is approximately 136 
per cent of the calculated value. The average shear stress along the length 
of the weld is approximately 71 per cent of the calculated value. 

B. For transversely loaded fillet welds : 

The maximum shear stress in the weld is less than 2 per cent 
greater than the calculated value. The average shear stress along the length 
of the weld is approximately 6 per cent less than the calculated value. Design 
of transverse welds on the basis of normal stresses is unsafe. Design on the 
basis of shear stresses is the best method. 

C. For eccentrically loaded fillet welds : 

The maximum calculated shear stress averages 65 per cent 

(Table 14, page 51 ) of the experimental value for the three cases of 

* 

load eccentricity. 

The average calculated shear stress along the length of the 
weld averages 109 per cent of the experimental value for the three cases of 
load eccentricity. 

The design convention is Improved by assuming that the center 
of turning of the welds is more remote from the load than the centroid. A 
suggested method of locating the center of turning is to assume that the point 
shifts away from the centroid ten per cent of the amount of the eccentricity 
of the applied load with respect to the centroid of the welds. For computing 
the applied moment and corresponding shear stress, the moment arm of the ap- 
plied load is measured to the turning center thus located. 

A factor of l.S representing the ratio of average stress across the 
throat section to the surface stress on the weld has been used in 
arriving at values stated. 
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APPENDIX A, SAMPLE CALCaUTZONS 



SttMect 

!• D«t«rninatlon of ealealatod values of shear stress 
for the longitudinal, transverse, and eccentrically 
loaded Model • 

2. Reduction of data from measured strains to stress. 
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!• Dateralnation of calculated values of stress for the 
longitudinal, transverse, and eecentricallj loaded 
Models 

A, LomrroPTNAt model 

Fro» data. Table 1 and Fig. 3* 

F • 8^ kipe total; 42 kips per strap 
h s 0.35 inches; L s 4 inches 
nroM equation (1), 



Q^onf * ^ 

' TX oy 9 )( 4 -) 

B. TRANSVglSB MODEL 

Trowi data, Table 2 and Fig. 5. 

F s 60 kips total; 30 kips per strap 
b s 0«35 inches; L • 4 inches 
From equation (2), 



rr» L±l±f - / 

\ 

from equation (3) 



— 30*3 4j/. 



V M±!±f « A^/V (3o) 
' * b L o-is (4^) 



30. 3 
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, ECCEMTRICALLY LOADED MODEL 

frtm dfttft* Table 3 and Fig* 7* 

T m 2^ kips total; 12 kips per strap 
e s 6.5 Inches 
b : 0.35 inches 
L S 5 inches 
d i 5 inches 
g a 2.25 inches 
t e 0,2k8 inches 
For Station 1 






y> = = 3.3 6 t/ic^es 
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Th« Bom«nt of Inertia of the weld netal with respect to 
centroid 0 is, 

J, . ) 

J^ss Oi2#^[£2££2* .eiiiA^£2L J = Z.O-C 
Using equation (4) 

r, - = «. *»'■ 

Using equation (5) 

^ " ifzT " z(o.i46)s - ^ 

Adding ^ and % veetorily by means of the law of cosines. 



yJ!^. * 2. X % COS O 

i 

” (M.7/X ^ rV.8-#/ -f- ^(/2.7/)(*.&^) CCS 

X,*-. 
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2, Reduction of Data 



For the Eccentric Model. Load Eccentricity, e s 8.5 Inches 

For Station 1 

From data, Table plots of load versus strain (see Fig. 11, 
page 62 for typical plots) were made for each element of the 
rossete. From these plots the slope of the loading curve 
provides; 

For gage elanents a : »93 ralcroinehes per inch 

16 kips 

b . microinches per Inch 

16 kips 

c • 585 mlc'rolnches per inch 
16 kips 



Thus for a load of 18 kips (9 kips per strap) the strains 
are. 



s 




493 s 5^ microinches per inch 



> s ^ X (-34?J : -390 microinches per inch 




585 s 658 microinches per inch 



Using the standard equations for a 60 degree rosette, given 
by Timoshenko /lO/, and others, 



hit a. 3 



3 



2.1^ h>U.ro\nc^S‘ per inJ> 






r a 



(554-^7^)^ V- ( ir,iu-oih<.kes per inch 

I V ^ . 
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e. -htn' 3z.ss° 

(€.^~»<rt) (SS^~ Zl^) 

€,»=»• inn-h r ** 27f (>(»S ^ f 3 9 M/cro/«cAe» yae/- //)c^ 

=» >» 0 - /* ** ^74 = “3 9 / >r/€roirtePies per ir^ck 

Vlith Poisson's ratlo,/4 as 0.3 and Young's modulus E as 
30 k 10 ^ lbs. per sq. inoh and substituting in 

X...- '/Z C'T.-Oi) 

(77= ■* o.3f-5f/''V = 2 7./(3 /i!j/ 

■(' o-3(M»'''W = -3.5’? ks! 

\ 

'4 ( Zrio^3.S9) = /5,3S As/ , 
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FJron Mohr’s Circle, using jt as the direction of the strain 
in element a, which is along the weld, we get 

%= 'SinZe “ 15.15 /3.92 ksi 

-i.S9 /S.3S -f- IS.3S cos 65. r = IS.ZI ksi 

?^PX- “ cos Z & 

^ - “3, -h 15.35 -/5.3J" cos 55.!^^ S,3! ksi 

strain gage data were reduced by means of a Control 
Data Corporation 1604 digital computer. Inputs to the data 
reduction program were and • Outputs were <^/ , , 

f ^ t X,«. and Q the angle of orientation of the principal 
directions relative to the longitudinal axis of the weld. 

The program, coded in F0RTR4N computer language, is shown 
in Pig. 24, page 75. This program is called "Stress Sixty". ■ 

Design calculations for various eccentricities of 
loadings were done by the 1604 computer. This program, 
entitled "Design" is shown in Fig, 24, page 75. Inputs 
were load F, eccentricity e, coordinates of the rosette 
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stations, and constants determined bgr model geometry. 
Outputs were and <j> • the angle of 7^. relative to 

the longitudinal axis of the veld. 
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APPENDIX E 



Sttb.lect 

Analysia of Doslgn Kothod of Beeontrleally Loaded weld model 
auporpositlon. 



\ 



30 



This appendix will describe om method bgr which the 
conventional method of design of the eccentrlc&Uy loaded model 
was attempted to be anallzed. 

Recalling the design procedure for the eccentrically 




(3) 9,-^ % 

The components of 7^ In the horizontal and vertical directions are 
(4a) “K •• X ® 

(4b) cos e 

The distance ^ , Is : _ 

(5a) '/x\l , oho 

(5c) ccse- 
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Substituting in equations (^) and (4b) 

X » ^ 

+ <i*- 

(7) ^ 

Now consider the meehanisins tgr which the couple Fe 
is resisted to be; first, a couple, H, , fomed bgr the horizontal 
shear stress acting along the throat area.iL, 



Second, the vertical shear stresses acting across the throat 
area tL produce a resisting moment, 




(8) /S', - 7. tLJ 
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To comfute ^2 consider the noaent about the origin of the x-y 
coordinate system centered on the upper veld* The differential 
force, dF , is ; 

7' dA 
C/A «= t dy. 

y ^ 

dF- 2 y Xf 

L 

Since hx is four times the moment of dF, 

^ J ^ y yd tdy. 

Integrating, 

(9) /ii = 2kUL . 

3 

V^en the moment Fe is replaced by a force F and a couple Fe, 
the force F is assumed to be resisted by a vertical shear such 
that; 

( 10 ) • ifr • 

For equilibrium: 

I 

(11) fe - A z , 

Let A be the fraction of the couple Fe that is resisted 
by . Then must carry ) times Fe* 



1 
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' #«pl # 



I f I 



/C* 



I • I .^ jm^ 










or, 



(12) h * ^ 

ti,* nt 



; 




I 



Substitute from equation (8), page 32 tor M, and equation (9). 
page for 



A = 





TutLJ %btl- 



Replacing y» and ^ bgr values given In equations (4a) and (4b). 
page 31 • and reducing. A becomes : 



(13) A * 






3 



Consider the longitudinal weld model loaded in tension. 

1 

Assume the horizontal shear stresses along one weld to be reversed. 

J 





FI 

2.tL 



or 




a. L 
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This Is seen to be equivalent to the first resisting mechanism of 



the design convention* 
there is a number c, * 

y = C f 

•)t 'tt 



At any point along the weld length* 
such that 

— C ^ or, 

ZtL 



(14) = Z%L 

t n 

and i L </ or = 

Substituting for % =• Xt * and rearranging 

c, 

(X5) X^cJ2l. 

6 Lcf 



In a similar manner consider the transverse weld model to be 
loaded in tension. Assume that the average shear stress in the 
vertical direction is equal to the maximum shear stress the weld 
incurs in resisting the couple Fe as shown 






1 
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This Is equivalent to the second resisting mechanism of the design 
convention. At any point along the weld there is a number ^ • such 



that *5 ’ ^ 



Dr 



r = 



tL 



yi^us 



( 16 ) 



= XL 

‘ ■ 



from equation (9)» Hi- % tl} 

3 

substituting for 

^ c. 



Of 



d t 



(17) 

^ TTT- 



For the direct load* frcn equation (10) 



T 5i ^ 
~ UtL 



y^o “■^2 



combining 



(18) r. = -Ei-l . 

^ 2iL 

Let the eccentrically loaded model be loaded. The 
stresses induced in the welds are caused by: 

1) resisting with moment K , . 

2) resisting with moment 

3) resisting direct load F. 
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•1 



Etir equations (15)* 



Designate these stresses % , "T and • 

a 

(17) snd (18), 

(13) X* 

(17) 

( 18 ) ^2 ^/tiL 



Superposing, the total shear stress 
eeeentridally loaded model is 




in the 



(19a) r = -£i^ ^ K 

^ iLc! ^ -nr~ ^ mf 

Since /1f=- ?\ Fg., Fg as given by equations (12a) and 

(12b) , equation (19a) becomes 

(19b) r ^ C.\Fc ^ CrO->\)F^ , CxF 

^ tLJ tL^ 2tL 

\ 

To evaluate the terms c,j^ and , experimental data from the 
longitudinal and transverse model tests will be used in equations 
(14) and (16) respectively. 



Sample Calculations 

A set of sample calculations will be shown for a point 
.0625 of the length of the weld away from the end nearest the load. 
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f 



) m;r 

*.? 



ftn 

<ii 



Mife SI «»Mvi-»ai 

J. ^ M«l rtUf i m m m, 



I J. ^ ^ ^ ^ "X* 1 ^* 

^*,f ^ 

• ♦ M ,j^ 



itt * •* * • .tf ur»i 

I 

> «u J;|> <w«r ItMMgQ 



I 



» m 

■mb ^1 Hm tw 






f 



The fraction 



, equation (13). is 
/V 




^ 

3 



3 



0,115 



where'd s 5*35 inches, L = 5 inches, from Fig. 7. 



From tabulated calculations page, 45and Figs. 3 and 4, 
we find these data: 



Longitudinal Fodel 
M.S7 ksi 
i- o.P^S tr^<-l^es 

FI ~ ^S. k.ll9S 



Transverse Model 
^ ~ S.45 
t .= 0.24-8 

- 30 



From equations (14) and (16) 



(14) -^ = ^ X( ^ ^ (/ 4 . S’!) (4) — 2 YQ, ,r->c.Ues~' 

^ /i ^2 



(16) ^ rr 

£ 



2^ 



So 



~ O. 12. C»- f^ckes 



-/ 



I 
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7*4 



... 




.< 



* <^■■1 rC^*^.mrv 



I «i« 4I5 44^ «p(l»«Q 




4 %Smt I i 




- t 



Vi ^ - t 

■► • «» 




!«-• 



1 



For th« oeeontrically loaded aodel from Fig. 7 and data. Table 4, 
substitute these data, 

F > 9 kips 
0-8,5 inches 
L s 5 inches 

d • 5«35 Inches, In equation (19b) 

>• a c.A ^ ^ 

” 717 " 6 4 - Ttt~ “ 

7^. = 2.7a (p-'ns')(9)(^.s) -f- Q.7a&A2zs’)f<f){s.s) ■* c.jzc h) _ 

^ s(s.3s) (y*) zcs) 

r = 7.9 7 ks/. 

C 

The experimental value of at this location was 13.5 ksl. 

The values of computed b7 the foregoing plan are 
compared with experimental values for load eccentricity of 8,5 

Inches in Fig, 22, Since the correlation is very poor, it is 

\ 

concluded that the superposition plan using data from the 
transverse and longitudinal modds is not justified. 
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TABLE 1 



Data for Final Run of Longitudinal Model 

STATION 1 STATION 2 



Total 


Strain Indicator Reading 


Strain Indicator Reading 


Load 


in 






in 






in 


Micro inches per Inch 


; Microinches per Inch 


Kips _ 








1 






a 


b 


c 


a 




c 


12 


1000 


995 


999 


998 


999 


999 


24 


1081 


927 


1041 


1048 


971 


1035 


36 


1171 


839 


1092 


1099 


941 


1078 


48 


1269 


730 


1050 


1152 


892 


1138 


60 


1370 


617 


1206 


1207 


830 


1215 


72 


1470 


501 


1268 


1262 


766 


1289 


84 


1565 


388 


1326 


I 3 I 8 


704 


1365 


96 


1678 


248 


1448 


1302 


670 


1554 





STATION 3 




STATION 4 




Total 


Strain Indicator Reading 


Strain Indicator Reading 


Load 


in 









in 




in 


MJcroinches per Inch 


Microinches per Inch 


Kips 


_ 















a 


b 


c 


a 


b 


c 


12 


1000 


993 


995 


m 


995 


999 


24 


. 1049 


975 


1020 


1010 


1000 


1028 


36 


1094 


955 


1049 


1023 


1009 


1060 


48 


1132 


924 


1091 


1035 


1015 


1100 


60 


1192 


884 


1154 


1050 


1019 


1052 


72 


1241 


840 


1220 


1065 


1020 


1209 


84 


1290 


800 


1281 


1078 


1021 


1260 


-96 


1288 


685 


1455 


1216 


560 


1388 



Load Per Strap : l^otal load 
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TABLE 2 



Data for Final Run of Transverse Model 

STATION 1 STATION 2 



Total 


Strain Indicator Reading 


Strain Indicator Reading 


Load 




in 






in 




in 


Hioroinehes per Inch 


, Microinches per Inch 


Kips 




. . „ 


— - 


L_ 








a 


b 


c 


a 


b 


c 


6 


1000 


1000 


1000 


1000 


1000 


1000 


18 


969 


1236 


1152 


972 


1230 


1121 


24 


942 


1365 


1242 


960 


1349 


. 1189 


30 


922 


1498 


1330 


949 


1470 


1256 


36 


901 


1629 


1418 


936 


1592 


1321 


42 


880 


1752 


1500 


914 


1709 


1387 


48 


862 


1876 


1585 


899 


1823 


1450 


54 


842 


1998 


1665 


885 


1938 


1518 


60 


822 


2135 


1738 


872 


2068 


1581 





STATION 3 




STATION 4 




Total 


Strain Indicator Reading 


Strain Indicator Reading 


load 


in 






in 






in 


Microinches per Inch 


' Mieroinehes per Inch 


Kips _ 











— — 






a 


b 


c 


a 


b 


c 


6 


1000 


1000 


1000 


1000 


1000 


1000 


18 


.972 


1233 


1102 


959 


1171 


1270 


24 


960 


1348 


1155 


940 


1250 


1400 


30 


947 


1468 


1210 


920 


1335 


1538 


36 


934 


1579 


1261 


901 


1419 


1673 


42 


920 


1698 


1312 


880 


1496 


1802 


48 


907 


1808 


1362 


862 


1574 


1933 


54 


894 


1921 


1414 


842 


1658 


2073 


60 


880 


2045 


1460 


822 


1740 


2201 


66 


867 


2175 


1504 


798 


I 83 O 


2347 



Load Per Strap 



total load 
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TABLE 3 



Data for Final Run of Eccentrloally Loaded Model. 
Load Eccentrlolty, e Z 6*5 Inches 

STATION 1 STATION 2 



Total 


Strain Indicator Reading 


Strain Indicator Reading 


Load 


in 






^ in 






in 


Microinches per Inch 


Microinches per Inch 


Kips 



















a 


b 


c 


a 


b 


c 


2 


1000 


1000 


1000 


1000 


1000 


1000 


6 


1094 


949 


1114 


1068 


989 


1024 


12 


1229 


869 


1285 


1161 


970 


1060 


18 


1360 


781 


1451 


1266 


948 


1100 


24 


1492 


685 


1628 


1352 


913 


1142 


18 


1358 


760 


1460 


1262 


928 


1113 


12 


1228 


845 


1302 


1171 


947 


1080 


6 


1098 


930 


1130 


1075 


970 


1038 


2 


1002 


999 


1001 


1000 


999 


1000 





STATION 3 




STATION 4 




Total 


Strain Indicator Reading 


Strain Indicator Reading 


Load 


in 






in 






in 


Microinches per Inch 


1 

Microinches per Inch 


Kips 










( 








a 


b 


c 


a 


b 


c 


2 


1000 


1000 


1000 


1000 


1000 


1000 


6 


1070 


992 


1012 


1029 


969 


1038 


12 


1165 


982 


1028 


1063 


921 


1085 


18 


1253 


970 


1045 


1097 


872 


1130 


24 


13^2 


952 


1068 


1138 


800 


1180 


18 


1255 


960 


1055 


1105 


850 


1142 


12 


1164 


970 


1040 


1072 


898 


1100 


6 


1072 


982 


1021 


1037 


9W 


1050 


2 


1001 


999 


1000 


1007 


986 


1000 



Load Per Strap = 



42 V 



TABLE 4 



Data for Final Run of Eccentrically Loaded Model 
Load Eccentricity, e • 8^5 inches 

STATION 1 STATION 2 



Total 


Strain Indicator Reading 


Strain Indicator Reading 


Load 




in 






in 




in 


Kicroinches per Inch ; 


Microinches per Inch 


Kips 




- 


- - — 












a 


b 


c 


a 


b 


c 


2 


1000 


1000 


1000 


1000 


1000 


1000 


6 


1128 


920 


U4l 


1084 


986 


1029 


10 


1250 


840 


1283 


116? 


970 


1053 


14 


1374 


750 


1430 


1248 


951 


1085 


18 


1493 


653 


1585 


1331 


925 


1120 


14 


1370 


730 


1444 


1252 


935 


1100 


10 


1252 


811 


1312 


1176 


949 


1073 


6 


1130 


900 


1169 


1095 


970 


1043 


2 


1001 


1001 


1002 


1000 


1000 


1000 





STATION 3 




STATION 4 




"Total 


Strain Indicator Reading 


Strain Indicator Reading 


Load 




in 






in 




in 


Microinches per Inch 


1 Microinches per Inch 


Kips 


, 














a 


b 


c 


a 


b 


c 


2 


1000 


1000 


1000 


1000 


1000 


1000 


6 


1079 


995 


1010 


1029 


960 


1036 


10 


1150 


989 


1019 


1055 


918 


1063 


14 


1220 


982 


1029 


1080 


879 


1097 


18 


1289 


. 974 


1041 


1103 


838 


1130 


14 


1220 


977 


1036 


1081 


872 


1101 


10 


1150 


980 


1028 


1056 


911 


1075 


6 


1080 


989 


1020 


1030 


951 


1043 


2 


1000 


1000 


1001 


998 


999 


1000 




Load Per 


Strap : 


total load 

V 
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TABLE $ 



Data for Final Run of Eccentrically Loaded Model 
Load Eccentricity, e = 10.5 Inches 

STATION 1 STATION 2 



Total 


Strain Indicator Reading 


Strain Indicator Reading 


Load 




in 




in 






in 


Microinches per Inch 


, Mioroinches per Inch 


Kips 









• 








a 


b 


c 


a 


b 


c 


1 


1000 


1000 


1000 


1000 


1000 


1000 


4 


1123 


920 


1135 


1081 


986 


1023 


7 


1242 


838 


1269 


1160 


971 


1049 


10 


1365 


744 


1411 


1239 


951 


1078 


13 


1481 


649 


1558 


1320 


924 


1109 


10 


1362 


726 


1429 


1244 


935 


1089 


7 


1248 


808 


1304 


1170 


948 


1068 


4 


1129 


897 


1164 


1091 


969 


1039 


1 


1000 


1001 


1002 


1000 


1000 


1000 





STATION 3 




STATION 4 




Total 


Strain Indicator Reading 


Strain Indicator Reading 


Load 




in 




in 






in 


Microinches per Inch 


Microinches per Inch 


Kips 
















a 


b 


c 


a 


b 


c 


1 


1000 


1000 


1000 


1000 


1000 


1000 


4 


1072 


994 


1008 


1029 


961 


1031 


7 


1141 


989 


1015 


1053 


921 


1059 


10 


1208 


982 


1023 


1079 


883 


1089 


13 


1269 


974 


1034 


1100 


848 


1120 


10 


1206 


978 


1029 


1080 


882 


1093 


7 


1141 


981 


1021 


1058 


921 


1069 


4 


1077 


989 


1013 


1033 


959 


1040 


1 


1000 


1000 


1000 


1002 


1003 


1000 




Load Per 


Strap s 


total load 










2 
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TABLE 6 



f- 



Experimental Values of Stress (ksl) for Final Run of Longitudinal 
Model for Total Load of ^ Kips or 41 Kips Per Strap 





STATION 1 


STATION 2 


STATION 3 


STATION 4 


fr, 


24.0 


17.99 


14.98 


9.98 


<ft 


.14.5 


-4.94 


-2.27 


2.48 




19.3 


11.4? 


8.62 


3.75 


6 


24.5 


31.8 


29.7 


54.1 




17.45 


11.67 


10.73 


5.06 




-7.85 


1.37 


1.97 


7.39 




14.57 


10.25 


7.41 


3.56 



TABLE 7 

Experimental Values of Stress (ksl) for Final Run of Transverse 
Model for Total Load of 60 Kips or 30 Kips Per Strap 





STATION 1 


STATION 


07 


46.8 


41.9 


Oi 


7.19 


6.56 




19.81 


17.66 


d 


8.0 


11.4 


a 


7.96 


7.94 


<5 


46,02 


40.5 


% 


5.45 


6,84 



STATION 3 


STATION 4 


39.3 


49.0 


4.68 


7.12 


17.32 


20,96 


14.9 


-9.6 


7.00 


8.27 


36.99 


47.89 


8.60 


6.87 
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TABLE 8 



Sxp«rinental Values of Stress (ksl) for Final Run of Eccentric Model 
Load Eccentricity, e s 6.5 Inches, Total Load = 24 Kips 
Load Per Strap : 12 Kips 





STATION 1 


STATION 2 


STATION 3 


STATION 4 


<r, 


27.37 


12.68 


11.46 


7.90 


<Tx 


-2.28 


-0.110 


-0.178 


-4.21 




14.82 


6.40 


5.82 


6.05 


d 


33.8 


15.3 


8.41 


32.8 




18.16 


11.80 


11.20 


4.33 


<5 


6.92 


0.78 


0.12 


-0.65 




13.70 


3.26 


1.68 


5.51 



TABLE 9 

Experimental Values of Stress (ksi) for Final Run of Eccentric Model 
Load Eccentricity, e s 8.5 Inches, Total Load » 18 Kips 
or 9 Kips Per Strap 





STATION 1 


STATION 2 


STATION 3 


STATION 4 


<rr 


27.10 


12.12 


9.86 


5.97 


a 


-3.59 


-0.043 


-0.088 


-3.69 




15.35 


6.08 


4.97 


4.83 


0 


32.5 


14.4 


5.8 


32.4 


Qi 


18.21 


11.37 


9.77 


3.19 


QS 


5.31 


0.71 


"-0.01 


-0.91 




13.92 


2.92 


1.0 


4.36 
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TABLE 10 



Experimental Values of Stress (ksl) for Final Run of Eccentric Model 
Load Eccentricity, e = 10.5 Inches, Total Load « 12 Kips 
Load Per Strap • 6 Kips 



STATION 1 


STATION 2 


STATION 3 


STATION 4 


23.24 


10.35 


8.26 


5.02 


-3.61 


-0.21i: 


-0.228 


-3.30 


13.42 


5.28 


4.24 


4.16 


32.2 


13.8 


5.51 


31.8 


15.61 


9.75 


8.17 


2.71 


4.01 


0.39 


- 0.15 


-0.99 


12.10 


2.45 


0.81 


3.72 
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TABLE 11 



Comparison of Maximum Shear Stress and Angle of Orientation of^ 

, Principal Axis for Turning Center at G and Various Values of G . 





for Load Eccentricity, 


e s 6.5 Inches 






Turning Center 


at 0 






STATION 1 


STATION 


2 STATION 3 


STATION 4 




16.36 


12.18 


9.67 


10.14 




• 14.82 


6.40 


5.82 


6.05 


a»/c,//,S 


0.748 


1.27 


1.11 


1.12 




9.6 


-5.9 


-33.1 


23.8 




33.8 


15.3 


8.42 


32.8 





Turning Center at G^ (.75 inches 


from G) 






STATION 1 


STATION 2 


STATION 3 


STATION 4 


7^^/. Ca/c* 


20.50 


15.40 


11.60 


10.68 




14.82 


6.40 


5.82 


6.05 


0#921 


1.60 


1.33 


1.175 




13.9 


1.5 


-20.4 


36.9 




33.8 


15.3 


8.42 


32.8 



Turning Center at (j (.50 inches 


from G) 




STATION 1 


STATION 2 


STATION 3 


STATION 4 


' 18.40 


13.71 


10.52 


10.05 


14.82 


6.40 


5.82 


6.05 . 


Tn^tt **k./hC 0.829 


1.43 


1.21 


1.11 


12.9 


0.25 


-23.5 


33.1 


33.8 


15.3 


8.42 


32.8 





Turning Center at g' (1 inch from G) 






STATION 1 


STATION 2 


STATION 3 


STATION 4 


TmSM'. * 


21.92 


16.58 


12.40 


11.28 




14.82 


6.40 


5.82 


6.05 


Tmes. *//.f 


0.985 


1.73 


1.42 


1.24 


eosii-. 


15.1 


3.8 


-16.5 


30.5 


©Crf/». 


33.8 


15.3 


8.42 


32.8 
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TABLE 12 



Comparison of Maximum Shear Stress (ksi) and 
of Principal Axis for Turning Center at Q 
Eccentricity, e : 8,5 Inches 



Angle of Orientation 
and G' , for Load 



Turning Center at 0 



STATION 1 STATION 2 STATION 3 



STATION 4 



15.15 11.28 

15.35 6.08 

0.656 1.24 

7.3 -10.3 

32.5 14.4 



9.31 

4.97 

1.25 

-39.8 

5.8 



10.4 
4.83 
1.44 

18.0 

32.4 



Turning Center at G* (1.0 inches from G) 



STATION 1 STATION 2 STATION 3 



STATION 4 





20.1 


15.01 


11.36 




15.35 


6.08 


4.97 




0.873 


1.65 


1.52 




13.8 


1.5 


-20.8 


\ 


32.5 


14.4 


5.8 



10.50 

4.83 

1.45 

36.5 

32.4 
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TABLE 13 

Comparison of Maximum Shear Stress (ksi) and Angle of Orientation 
of Principal Axis for Turning Center at Q and o' , for Load 
Eccentricity, e s 10,5 Inches 



Turning Center at G 



STATION 1 STATION 2 STATION 3 



STATION k 



12,03 

7 L„. 13,^2 

7m*M. 0 , 597 

5*6 

©‘-v. 32,2 



8,97 7.63 

5,28 4,24 

1,13 1,20 

-13.4 -45 

13.8 5.5 



8,84 

4,16 

1,41 

14.7 

31.8 





Turning Center at (1*25 


inches from G) 






STATION 1 


STATION 2 


STATION 3 


STATION 4 




16.80 


12.60 


9.52 


8,60 


Tima*. 


13.42 


5.28 


4.24 


4.16 




0.835 


1.59 


1.50 


1.38 




>14.3 


2.2 


-19.3 


36.4 




32.2 


13.8 


5.5 


31.8 
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TABLE 



Eccentricity 

e 

inches 


6.5 


Load in kips 


12 


'T ' max calc. 


16.4 


max exp.»*^®i 


14.82 


^ave calc.»^®i 


11.5 


^ave exp. 


6.9 


^ave calc. 

7 ^ 

' ave exp. 


1.6? 


^ave calc, 
^•^"^ave exp. 


1.116 


^max calc. 
^ ave exp. 


1.108 


*7^max calc. 
^•57' max exp. 


0.739 



8.5 


10.5 


average 


9 


6 




15.1 


12.0 




13.9 


13.4 




10.9 


8.8 




6.3 


5.8 




1.73 
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Figure 1 

Design Convention for One Type of Eccentrically Loaded Weld 




Conventional Design Equations 
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Symbols 
T . shear stress 
F - Load 
e - eccentricity 
L • weld length 
d - distance between welds 
G - c^troid of welds 
f • distance; centroid to point on weld 
t - throat dimension of weld 
6 - an angle 
J - moment of inertia 
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Figure 2 



Photograph of Longitudinally Loaded Weld Model 
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Figure 3 



Sketch of LongitudixuUy Loaded Weld Model 
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Figure 4 
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Photograph of Transversely Loaded Weld Model 
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Figure 5 



Sketch of Transversely Loaded Weld Model 
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Figure 6 

Photograph of Eccentrically Loaded Weld Model 
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Figure 7 



Sketch of Eocentrleally Loaded Weld Model 
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Figure 8 



Diagram of Strain-Gage Placement 
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Total Load in KSI 



Figure 9 



Typical Load^Versus^Straln Plot - 
Preliminary Run 
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Total Load In Kips 



Figure 10 



Load-Versus -Strain Plot Showing Ifysteresis 
Loop Oyeles 
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Figure 11 



Typical Load-Versus -Strain Plot - Final Run 
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Figure 12 




Photograph of Eccentrically Loaded Model and 
Holding Assembly on Testing Machine 
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Figure 13 

Photograph of Eccentrically loaded Model and 
Holding Assembly on Testing Machine 
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Figure 14 

Results of Tests of Longitudinally Loaded Weld 





Figure 15 



Plot of Load Versus Strain for Longitudinally 
Loaded Fillet Weld (From Sinith/6/) 
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Stress in KSI 



Figure 16 

Results of Test of Transversely Loaded Weld 
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Figure 17 



Results of Test of Eccentrically Loaded Fillet 
Weld for Load Eccentricity of 6.5 Inches 
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Figure 18 



Results of Test of Eccentrically Loaded Fillet 
V/eld for Load Eccentricity of 8.5 Inches 
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Figure 19 



Results of Test of Eccentrically Loaded Fillet Weld 
for Load Eccentricity of 10.5 Inches 
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Figure 20 



Stress Distribution for Eccentrically Loaded Fillet Weld 
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Stress in KSI 



Figure 21 



Stress Distribution for Eccentrically Loaded Fillet Weld 
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Stress in KSI 



Figure 22 



Xjj Stress Distribution for Eocentrioally Loaded Fillet Ueld 
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Load Eccentricity in Inches 



Figure 23 



Plot of Load Eccentricity Versus Shift of Turning Center 
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Figure 24 

Computer Programs for Data Reduction and Design 
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1 



PROGRAM STRESS SIXTY 

read 75, nop, emu, E 

DIMENSION GPA(200), EP3(200), EPCI200). THI200), AM ( 200) , EP 1 ( 200 ) , 
1EP2(200), SIG1(200), SIG2(200), TAUI200) 

READ 76, (EPA{ I ) , EPB(I), EPC(I), 1*1, NOP ) 

DO 10 1=1 ,N0P 

AMI I )*(EPA( I)+ EPB(I)+ EPC(I))/3. 

R=SORTF I ( EPAI I )-AM( I ) )» *2+ (lEPCII) -EPB ( I ) ) / 1 . 7 320 5 ) **2 ) 

TH( I)*( I ATANFI { (EPC(I) -EPB 1 1 ) ) / 1 . 73205 ) / I EP A ( I ) -AM (I))))/2.)*5 
17.2058 

EPl ( I )=AM( I )+R T 

EP2I I)=AM( I )-R 

SIG1(I)=(E/(1 .-EMU**2)) *(EP1 I I )+EMU*EP2( I ) ) 

SIG2I I ) = ( E/( l.-EMU**2)) »(EP2( I )+EMU*EPl ID) 

10 TAUI I ) = ( SIGl ( I )-SIG2( I) )/2. 

PRINT 77, I I,EP1 ( I) ,EP2 ( I ),SIG1 ( I ) ,SIG2( I ), TH( I ) ,TAU( I ), 1*1 ,NOP) 
STOP 

75 FORMAT! I 3,2F20.8) 

76 F0RMATI3F 20.9) 

77 FORMAT! 14, 6E 15.8) 
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PROGRAM DESIGN 

DIMENSION XRAY! 14) ,FORCE! 14 ), TAU! 1 4, 14 ) , PH I ! 1 4 , 1 4 ) 

READ 74, NX, NFO 
' 74 FORMAT !2I2) 

READ 75, IXRAY! I ),FORCE! I), 1=1, NFO) 
i 75 F0RMATI2F10.0) 

' DO 11 1=1, NX 

. DO 12 J=1,NF0 

RHO=SQRTF! ! XRAY! I )**2)+6.25 ) 

STRESS1*! FORCE! J ) *10. 50000*RHO) /20.62 I 

STRESS2*F0RCE! J)/2.48 , 

STRESSH*! STRESS1*2.5)/RH0 i 

STRES1V=!STRESS1*XRAY!I ) )/RHO 
, STRESSV=STRES1V+STRESS2 

' PHI!J,n *ATANF!STRESSV/STRESSH) 1 

12 TAU!J,I) *SQRTF! !STRESSH**2)+!STRESSV**2) ) 

, 11 CONTINUE I 

I PRINT 77 1 

77 FORMAT! 16X,5HF0RCE,14X,4HXRAY,16X,3HTAU,14X,3HPHI ) 

1 DO 18 J=1 ,NFO ! 

S 18 PRINT 76 IFORCEU), XRAY(I), T AU! J , I ) ,PH 1 1 J , I ) , I*l,NX)i 

76 FORMAT! 4X,4E20.8) 

i STOP _ _ - " 

I END ■ 

. _ END 
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